EP 3770 279 A1

(19) Europdisches

: Patentamt

European
Patent Office

Office européen
des brevets

(11) EP 3770 279 A1

(12) EUROPEAN PATENT APPLICATION
published in accordance with Art. 153(4) EPC

(43) Date of publication:
27.01.2021 Bulletin 2021/04

(21) Application number: 19772137.6

(22) Date of filing: 08.03.2019

(51) IntClL:

C21C 5/46 (2006.01) C21C 5/28 (2006.01)

C21C 7/00 (2006.01)

(86) International application number:

PCT/JP2019/009329

(87) International publication number:

WO 2019/181562 (26.09.2019 Gazette 2019/39)

(84) Designated Contracting States:
AL AT BE BG CH CY CZ DE DK EE ES FI FR GB

GRHRHUIEISITLILTLULVMC MK MT NL NO

PL PT RO RS SE SI SK SM TR
Designated Extension States:
BA ME

Designated Validation States:
KH MA MD TN

(30) Priority: 19.03.2018 JP 2018050330

(71) Applicant: JFE Steel Corporation
Tokyo 100-0011 (JP)

(72) Inventors:

¢ KASE, Hiroto
Tokyo 100-0011 (JP)
* TOMIYAMA, Shinji
Tokyo 100-0011 (JP)
¢ TAKAHASHI, Yukio
Tokyo 100-0011 (JP)
¢ AMANO, Shota
Tokyo 100-0011 (JP)

(74) Representative: Haseltine Lake Kempner LLP

Biirkleinstrasse 10
80538 Miinchen (DE)

(54) MOLTEN METAL COMPONENT ESTIMATION DEVICE, MOLTEN METAL COMPONENT
ESTIMATION METHOD, AND MOLTEN METAL PRODUCTION METHOD

(57) A molten metal component estimation device
according to the present invention includes a material
input-output calculation unit that estimates an amount of
carbon and an amount of oxygen charged into a refining
facility and an amount of carbon and an amount of oxygen
discharged from the refining facility, a physical reaction
model calculation unit that estimates at least one of an
amount of oxygen and an amount of carbon remaining
in the refining facility, and a correction calculation unit
that calculates a parameter for correcting a measurement

value of a flow rate of an exhaust gas, a parameter for
correcting a measurement value of a component con-
centration of the exhaust gas, a parameter for correcting
a calculation value of an FeO concentration in a slag,
and a parameter representing the amount of carbon in
the molten metal as first, second, third, and fourth cor-
rection parameters, respectively, and uses the calculated
first, second, third, and fourth correction parameters to
estimate component concentrations in the molten metal
and the slag.

)

R

MANUAL INPUT
(MODEL PARAMETERS, ETC.)

Printed by Jouve, 75001 PARIS (FR)



10

15

20

25

30

35

40

45

50

55

EP 3 770 279 A1
Description
Field

[0001] The present invention relates to a molten metal component estimation device, a molten metal component
estimation method, and molten metal production method. Background

[0002] At ironworks, a component concentration and temperature of a hot metal tapped out of a blast furnace are
adjusted in refining facilities, such as pretreatment facilities, converters, and secondary refining facilities. The converter
process, among others, is a process of blowing oxygen into the converter to remove impurities from the molten metal
and raise temperature thereof, and plays a very important role in terms of, for example, quality control of steel and
rationalization of refining cost. In controlling the component concentration and the temperature of the molten metal in
the converter, for example, the flow rate and speed of the top-blown oxygen, the height of a top blowing lance, the flow
rate of a bottom-blown gas, and the charge amount and charge timing of auxiliary raw materials, such as lime and iron
ore, are used as manipulated variables. These manipulated variables should be optimized according to the component
concentrations of the molten metal and slag. However, since an intense oxidation reaction occurs in the molten metal
and the temperature of the molten metal becomes very high, the component concentrations of the molten metal and
slag are difficult to be measured at every moment. Therefore, methods have been proposed so far to estimate the
component concentrations of the molten metal and slag in real time using in-furnace physical reaction models and
measurement information in the refining facilities.

[0003] Patent Literature 1 proposes a method for sequentially estimating an FeO concentration in the slag during the
blowing process by calculating a fire spot reaction and a slag-metal interface reaction using the component concentrations
and the flow rate of exhaust gas discharged from the converter and operation data. However, in general, the measurement
information on the exhaust gas used for estimating the component concentration of the molten metal in the converter
has larger errors. For example, in general, an orifice (throttle) and a Venturi tube are installed in an exhaust gas pipe,
and the flow rate value of the exhaust gas is often estimated from a pressure drop between before and after the orifice.
The pressure, the temperature, and the flow rate often undergo large variations, so that the errors in the measurement
values tend to be large. From such a background, Patent Literature 2 proposes a method in which a coefficient for
correcting the measured value is calculated based on past results regarding the flow rate of the exhaust gas in the steel
refining process, and the coefficient is further corrected based on a molten metal analysis result obtained while the
blowing is being performed, and a carbon concentration of the molten metal is calculated in real time based on that
information.

Citation List
Patent Literature
[0004]

Patent Literature 1: Japanese Patent Application Laid-open No. 2015-131999
Patent Literature 2: Japanese Patent Application Laid-open No. H09-272913

Summary
Technical Problem

[0005] However, in the method described in Patent Literature 1, when the decarburization rate and the oxidation rate
of iron are calculated in the calculation of the fire spot reaction, the measured values of the exhaust gas flow rate and
the component concentrations having the large errors are used as described above. Moreover, in the converter process,
the model calculation values often deviate from true values due to unknown disturbances that cannot be represented
by the physical model. Thus, in the method described in Patent Literature 1, it is conceivable that the estimation accuracy
of the FeO concentration in the slag calculated by the fire spot and metal-slag interface reaction model often deteriorates.
[0006] PatentLiterature 2 describes the method for correcting the measurement information on the exhaust gas, which
corrects the flow rate of the exhaust gas based on the amount of carbon in the exhaust gas and the amount of carbon
reduction in the molten metal by using component analysis information obtained by in-blow sampling of the molten metal.
In the converter process, the sampling of the molten metal components is generally performed once or several times at
the final stage of the blowing process.

In the above-described method, a problem is considered in which the estimation accuracy of the molten metal components
deteriorates before the in-blow sampling of the molten metal is performed, causing the execution timing of the in-blow
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sampling to deviate from a target value, and an operating action after the in-blow sampling is delayed.

[0007] The presentinvention has been made in view of the above problems, and an object of the present invention is
to provide a molten metal component estimation device and a molten metal component estimation method that are able
to estimate the component concentrations in the molten metal and the slag in an accurate and continuous manner.

It is another object of the present invention to provide a molten metal production method that is able to produce the
molten metal having a desired component concentration at high yield.

Solution to Problem

[0008] To solve the problem and achieve the object, a molten metal component estimation device according to the
present invention includes: an input device configured to receive: first measurement results regarding temperature and
a component concentration of a molten metal before a blowing process starts or during the blowing process in a refining
facility; and second measurement results regarding a flow rate and a component concentration of an exhaust gas
discharged from the refining facility; a model database configured to store model expressions and parameters regarding
a blowing process reaction in the refining facility; a material input-output calculation unit configured to estimate an amount
of carbon and an amount of oxygen charged into the refining facility and an amount of carbon and an amount of oxygen
discharged from the refining facility by performing an input-output balance calculation of carbon and oxygen based on
the first measurement results, the second measurement results, the model expressions and the parameters; a physical
reaction model calculation unit configured to estimate at least one of an amount of oxygen and an amount of carbon
remaining in the refining facility by calculating at least one of an FeO amount in a slag and a decarburization amount in
the molten metal based on the first measurement results, the model expressions and the parameters; and a correction
calculation unit configured to: calculate a parameter for correcting a measurement value of the flow rate of the exhaust
gas, a parameter for correcting a measurement value of the component concentration of the exhaust gas, a parameter
for correcting a calculation value of the FeO concentration in the slag and a parameter representing the amount of carbon
in the molten metal as first, second, third and fourth correction parameters respectively, from the second measurement
results received by the input device and using the estimation results of the material input-output calculation unit and the
physical reaction model calculation unit; and estimate the component concentrations in the molten metal and the slag,
using the calculated first, second, third and fourth correction parameters.

[0009] Moreover, in the molten metal component estimation device according to the present invention, the correction
calculation unit is configured to calculate the first, second, third, and fourth correction parameters so as to minimize an
evaluation function having terms including: a carbon input-output error representing a difference between: an amount
that is obtained by subtracting the amount of carbon discharged out of the refining facility calculated from the second
measurement results, from an initial amount of carbon in the molten metal calculated from the first measurement results
and an amount of carbon supplied into the refining facility by a charged auxiliary raw material; and the fourth correction
parameter; an oxygen input-output error representing a difference between: a value that is obtained by subtracting an
amount of oxygen consumed by carbon oxidation in the molten metal calculated from the second measurement results,
carbon monoxide oxidation in the refining facility calculated from the second measurement results and impurity metal
oxidation in the molten metal, from an amount of oxygen supplied to the refining facility; and an amount of oxygen
consumed by iron oxidation in the molten metal calculated by the model expressions; and a primary combustion input-
output error representing a difference between: a primary combustion efficiency representing a percentage of an amount
of oxygen consumed by the carbon oxidation in the molten metal to an amount that is obtained by subtracting an amount
of oxygen consumed by iron oxidation and impurity metals, from a top-blown oxygen feed amount and an amount of
oxygen supplied by the charged auxiliary raw material; and a standard value of the primary combustion efficiency.
[0010] Moreover, in the molten metal component estimation device according to the present invention, the correction
calculation unit is configured to calculate the first, second, third, and fourth correction parameters so as to minimize an
evaluation function having terms including: a carbon input-output error representing a ratio between: an amount that is
obtained by subtracting the amount of carbon discharged out of the refining facility calculated from the second meas-
urement results, from an initial amount of carbon in the molten metal calculated from the first measurement results and
an amount of carbon supplied into the refining facility by a charged auxiliary raw material; and the fourth correction
parameter; an oxygen input-output error representing a ratio between: a value that is obtained by subtracting an amount
of oxygen consumed by carbon oxidation in the molten metal, carbon monoxide oxidation in the refining facility and
impurity metal oxidation in the molten metal calculated from the second measurement results, from an amount of oxygen
supplied to the refining facility; and an amount of oxygen consumed by iron oxidation in the molten metal calculated by
a physical reaction model; and a primary combustion input-output error representing a ratio between: a primary com-
bustion efficiency representing a percentage of an amount of oxygen consumed by the carbon oxidation in the molten
metal to an amount that is obtained by subtracting an amount of oxygen consumed by iron oxidation and impurity metals,
from a top-blown oxygen feed amount and an amount of oxygen supplied by the charged auxiliary raw material; and a
standard value of the primary combustion efficiency.
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[0011] Moreover, in the molten metal component estimation device according to the present invention, the evaluation
function is a weighted sum including a square value of the carbon input-output error, a square value of the oxygen input-
output error, and a square value of the primary combustion input-output error as terms.

[0012] Moreover, in the molten metal component estimation device according to the present invention, a constant
representing a weight of each of the terms in the evaluation function is configured to switch when a condition is satisfied,
the condition being set based on at least one of molten metal component estimation information and corrected exhaust
gas measurement information calculated before a calculation target time during a calculation target heat.

[0013] Moreover, a molten metal component estimation method according to the present invention includes: an input
step of receiving: first measurement results regarding temperature and a component concentration of a molten metal
before a blowing process starts or during the blowing process in a refining facility; and second measurement results
regarding a flow rate and a component concentration of an exhaust gas discharged from the refining facility; a material
input-output calculation step of estimating an amount of carbon and an amount of oxygen charged into the refining facility
and an amount of carbon and an amount of oxygen discharged from the refining facility by performing an input-output
balance calculation of carbon and oxygen based on the first measurement results, the second measurement results,
and model expressions and parameters regarding a blowing process reaction in the refining facility; a physical reaction
model calculation step of estimating at least one of an amount of oxygen and an amount of carbon remaining in the
refining facility by calculating at least one of an FeO amount in a slag and a decarburization amount in the molten metal
based on the first measurement results, the model expressions, and the parameters; and a correction calculation step
of: calculating a parameter for correcting a measurement value of the flow rate of the exhaust gas, a parameter for
correcting a measurement value of the component concentration of the exhaust gas, a parameter for correcting a
calculation value of the FeO concentration in the slag and a parameter representing the amount of carbon in the molten
metal asfirst, second, third, and fourth correction parameters respectively, from the second measurement results received
at the input step and using the estimation results obtained at the material input-output calculation step and the physical
reaction model calculation step; and estimating the component concentrations in the molten metal and the slag, using
the calculated first, second, third, and fourth correction parameters.

[0014] Moreover, a method of producing a molten metal according to the present invention includes a step of adjusting
a component concentration in a molten metal within a desired range based on the component concentration in the molten
metal estimated using the molten metal component estimation method according to the present invention.

Advantageous Effects of Invention

[0015] A molten metal component estimation device and a molten metal component estimation method according to
the present invention are able to estimate the component concentrations in the molten metal and the slag in an accurate
and continuous manner. A molten metal production method according to the present invention is able to produce the
molten metal having a desired component concentration at high yield.

Brief Description of Drawings
[0016]

FIG. 1 is a schematic diagram illustrating a configuration of a molten metal component estimation device as an
embodiment of the present invention.

FIG. 2 is a flowchart illustrating a flow of a molten metal component estimation process as an embodiment of the
present invention.

FIG. 3 is a diagram illustrating a relation between a decarburization efficiency and a degree of progress of blowing
during the blowing process.

Description of Embodiment

[0017] The following describes in detail a molten metal component estimation device and operations thereof as an
embodiment of the present invention with reference to the drawings.

[Configuration of molten metal component estimation device]

[0018] First, a configuration of the molten metal component estimation device as an embodiment of the present
invention will be described with reference to FIG. 1.

[0019] FIG. 1 is a schematic diagram illustrating the configuration of the molten metal component estimation device
as an embodiment of the present invention. As illustrated in FIG. 1, a molten metal component estimation device 1 as
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an embodiment of the present invention is a device that estimates component concentrations of a molten metal 101 and
a slag 103 being processed in a refining facility 2 of a steel industry. The refining facility 2 includes a converter 100, a
lance 102, and a duct 104. The lance 102 is disposed above the molten metal 101 in the converter 100. High-pressure
oxygen (top-blown oxygen) is ejected from a distal end of the lance 102 toward the molten metal 101 below. Impurities
in the molten metal 101 are oxidized by the high-pressure oxygen, and is taken into the slag 103 (blowing process). The
duct 104 for guiding exhaust gas is provided above the converter 100.

[0020] An exhaust gas detecting unit 105 is disposed in the duct 104. The exhaust gas detecting unit 105 detects a
flow rate of the exhaust gas discharged in association with the blowing process and components (for example, CO, CO,,
05, N,, H,O, Ar) in the exhaust gas. The exhaust gas detecting unit 105 measures the flow rate of the exhaust gas in
the duct 104 based on, for example, differential pressure between before and after a Venturi tube provided in the duct
104. The exhaust gas detecting unit 105 measures each of the component concentrations [%] in the exhaust gas. The
flow rate and the component concentrations of the exhaust gas are measured, for example, at intervals of several
seconds. Signals representing the detection results of the exhaust gas detecting unit 105 are transmitted to a control
terminal 10.

[0021] An agitation gas (bottom-blown gas) is blown into the molten metal 101 in the converter 100 through vent holes
106 formed at the bottom of the converter 100. The agitation gas is an inert gas, such as Ar. The blown-in agitation gas
agitates the molten metal 101 to promote a reaction between the high-pressure oxygen and the molten metal 101. A
flow meter 107 measures the flow rate of the agitation gas blown into the converter 100. The temperature and the
component concentration of the molten metal 101 are analyzed immediately before the blowing process starts and after
the blowing process. The temperature and the component concentration of the molten metal 101 are measured once
or a plurality of times during the blowing process, and, for example, a supply amount (oxygen feed amount) and a rate
(oxygen feed rate) of the high-pressure oxygen and the flow rate of the agitation gas (agitation gas flow rate) are
determined based on the measured temperature and component concentration.

[0022] A blowing process control system to which the molten metal component estimation device 1 is applied includes
the control terminal 10, the molten metal component estimation device 1, and a display device 20 as main components.
The control terminal 10 is constituted by an information processing device, such as a personal computer or a workstation,
and controls the oxygen feed amount, the oxygen feed rate, and the agitation gas flow rate so as to keep the component
concentration of the molten metal 101 within a desired range, and collects data of actual values of the oxygen feed
amount, the oxygen feed rate, and the agitation gas flow rate.

[0023] The molten metal component estimation device 1 is constituted by an information processing device, such as
a personal computer or a workstation. The molten metal component estimation device 1 includes an input device 11, a
model database (model DB) 12, an arithmetic processing unit 13, and an output device 17.

[0024] The input device 11 is an input interface that receives various measurement results and result information
regarding the refining facility 2. The input device 11 includes, for example, a keyboard, a mouse, a pointing device, a
data receiving device, and a graphical user interface (GUI). The input device 11 externally receives, for example, the
result data and parameter setting values, and writes the received information to the model DB 12, and transmits it to the
arithmetic processing unit 13. The input device 11 receives the measurement results regarding the temperature and the
component concentration of the molten metal 101 obtained at least either one of before the start and during the blowing
process in the refining facility 2. The measurement results regarding the temperature and the component concentration
are supplied to the input device 11 through, for example, manual input by an operator or reading input from a recording
medium. The input device 11 receives the result information from the control terminal 10. The result information includes,
for example, the information on the flow rate and the component concentrations of the exhaust gas measured by the
exhaust gas detecting unit 105, the information on the oxygen feed amount and the oxygen feed rate, the information
on the agitation gas flow rate, information on charge amounts of raw materials (main raw material and auxiliary raw
materials), and the temperature information on the molten metal 101.

[0025] The model DB 12 is a storage device that stores information on model expressions for a blowing process
reaction in the refining facility 2. The model DB 12 stores parameters of the model expressions as information on the
model expressions for the blowing process. The model DB 12 also stores various types of information received by the
input device 11 and calculation/analysis results in blowing process results calculated by the arithmetic processing unit 13.
[0026] The arithmetic processing unit 13 is an arithmetic processing device, such as a central processing unit (CPU),
and controls overall operations of the molten metal component estimation device 1. The arithmetic processing unit 13
has functions as a material input-output calculation unit 14, a physical reaction model calculation unit 15, and a correction
calculation unit 16. For example, the arithmetic processing unit 13 executes computer programs to implement the material
input-output calculation unit 14, the physical reaction model calculation unit 15, and the correction calculation unit 16.
The arithmetic processing unit 13 executes a computer program for the material input-output calculation unit 14 to serve
as the material input-output calculation unit 14, executes a computer program for the physical reaction model calculation
unit 15 to serve as the physical reaction model calculation unit 15, and executes a computer program for the correction
calculation unit 16 to serve as the correction calculation unit 16. The arithmetic processing unit 13 may include dedicated
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arithmetic devices or arithmetic circuits that serve as the material input-output calculation unit 14, the physical reaction
model calculation unit 15, and the correction calculation unit 16.

[0027] The material input-output calculation unit 14 calculates a material input-output balance of components based
on the operation result information, the molten metal component analysis information, the exhaust gas information, and
the model information stored in the model DB 12. The material input-output balance calculation is for calculating the
charge amount of each component into the converter 100 and the discharge amount of each component from the
converter 100. The charge amount of each component is calculated from the charge amounts of the main raw material
and the auxiliary raw materials into the converter 100, the oxygen supply from the lance 102, and an amount of air
entrained from outside the converter 100.

The discharge amount of each component is calculated from the exhaust gas flow rate and the exhaust gas component
concentrations.

[0028] The physical reaction model calculation unit 15 calculates an FeO generation/reduction reaction amount in the
slag 103 and a decarburization amount in the molten metal 101 based on the model information stored in the model DB
12 and the operation result information, and estimates an amount of iron oxidation in the molten metal 101, that is, an
amount of oxygen remaining as FeO in the slag 103 in the converter 100 and an amount of carbon remaining in the
molten metal 101.

[0029] Based on the calculation results by the material input-output calculation unit 14 and the physical reaction model
calculation unit 15, the correction calculation unit 16 calculates a correction parameter for the exhaust gas flow rate,
correction parameters for CO and CO, concentrations in the exhaust gas, a correction parameter for an estimated FeO
concentration value in the slag 103 obtained by the physical reaction model calculation unit 15, and the carbon concen-
tration in the molten metal 101 at the time of the calculation, and uses the various calculated correction parameters to
estimate the carbon concentration in the molten metal 101 and the FeO concentration in the slag 103.

[0030] The molten metal component estimation device 1 having such a configuration executes a molten metal com-
ponent estimation process described below to estimate the component concentrations in the molten metal and the slag
in an accurate and continuous manner. The following describes, with reference to a flowchart illustrated in FIG. 2, the
operations of the molten metal component estimation device 1 when performing the molten metal component estimation
process.

[Molten metal component estimation process]

[0031] FIG. 2 is the flowchart illustrating the flow of the molten metal component estimation process as an embodiment
of the present invention. The flowchart illustrated in FIG. 2 starts at the time when the blowing process has started, and
the molten metal component estimation process proceeds to a process at Step S1.

[0032] In the process at Step S1, the arithmetic processing unit 13 acquires the measurement/analysis values of the
molten metal 101. The arithmetic processing unit 13 acquires the measurement/analysis results obtained by the tem-
perature measurement and the component analysis on a sample of the molten metal 101. Thus, the process at Step S1
is completed, and the molten metal component estimation process proceeds to a process at Step S2.

[0033] In the process at Step S2, the arithmetic processing unit 13 acquires manipulated variable information, the
exhaust gas measurement/analysis information (exhaust gas information), and the auxiliary raw material charge amount
information from the control terminal 10. In a normal converter blowing operation, the manipulated variable information
and the measurement/analysis information are collected at regular intervals. In the present embodiment, for the sake
of simplicity, the measurement/analysis information is assumed to be collected at intervals of 2 seconds. If a large time-
lag is present between the time of acquisition of the manipulated variable information and the time of acquisition of the
exhaust gas measurement/analysis information, the time-lag is taken into account (the exhaust gas measurement/anal-
ysis information is accelerated by the time-lag) to create the data. If the measurement value of the exhaust gas flow rate
and the analysis values of CO and CO, include large amounts of noise, the measurement value and the analysis values
may be replaced with values after being subjected to smoothing processing, such as moving average calculation. Thus,
the process at Step S2 is completed, and the molten metal component estimation process proceeds to a process at
Step S3.

[0034] In the process at Step S3, the material input-output calculation unit 14 uses the information acquired in the
processes at Steps S1 and S2 and the information in the model DB 12 to perform the input-output balance calculation
(material input-output model calculation) of carbon and oxygen. The amount of carbon charged into the converter 100
and the amount of carbon discharged out of the converter 100 are represented as Expressions (1) and (2), respectively,
given below. Hereinafter, unless otherwise noted, the symbol % represents mass%, and various flow rates are repre-
sented in basic units of flow rate.
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[0035] A charged amount of carbon C;, [%] denotes a value obtained by converting the sum of the amount of carbon
in the main raw material and the amount of carbon in the charged auxiliary raw materials into the concentration in the
molten metal 101; Ppig [%] denotes the carbon concentration in the charged hot metal; p,Cser [%] denotes the carbon
concentration in charged scraps (brand i); ijaUX [%] denotes the carbon concentration in the charged auxiliary raw
material (brand j); W,q [t] denotes a weight of the charged hot metal; W [t] denotes a weight of the charged scraps
(brand i); W24X [t] denotes an integrated weight of the charged auxiliary raw material (brand j); and Wy, [t] denotes
a weight of the molten metal charged into the converter 100. The carbon concentrations p;,Cs¢r and ijaUX in the charged
scraps of brand i and the charged auxiliary raw material of brand j are stored in the model DB 12, and the material input-
output calculation unit 14 acquires information on the brands used in the target heats.

[0036] A discharged amountof carbon C,;[%] denotes a value obtained by converting the amount of carbon contained
in the exhaust gas into the concentration in the molten metal 101, and Vo®C [Nm3/t] and V,C¢ [Nm3/t] denote
integrated flow rates of CO and CO,, respectively, in the exhaust gas until the time of calculation. An amount obtained
by subtracting the discharged amount of carbon from the charged amount of carbon is the amount of carbon remaining
in the converter 100, which corresponds to the carbon concentration in the molten metal 101. The charged and discharged
amounts of carbon of the molten metal are assumed to be much smaller than the total amount of charge.

[0037] The amountof oxygen charged into the converter 100 and the amount of oxygen discharged out of the converter
100 are represented as Expressions (3) and (4), respectively, given below.

, 21
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[0038] A charged amount of oxygen O, [Nm3/t] denotes the sum of an integrated amount of top-blown oxygen V,Plow
[Nm?3/t] from the lance 102, an integrated amount of oxygen in the charged auxiliary raw materials, and an integrated
amount of oxygen in the air entrained from outside the converter 100 in to the converter, and pjoaux [(Nm3/t)/t] denotes
a converted value of an oxygen content in the charged auxiliary raw material (brand i). The oxygen content pJ-OElux in the
charged auxiliary raw material of brand j is stored in the model DB 12, and the material input-output calculation unit 14
acquires the information on the brands used in the target heats. If an exhaust gas analysis N, concentration and an
exhaust gas analysis Ar concentration are not obtained in the charged oxygen amount calculation, the amount of oxygen
in the entrained air may be calculated as represented by the third term of Expression (3) given above, on the assumption
that an amount obtained by subtracting a bottom-blown gas amount V,,,; [Nm?3/t] from an unanalyzed exhaust gas amount
Viem@C [NmM3/t] other than O,, CO, and CO, in the exhaust gas corresponds to N, in the entrained air.

[0039] A discharged amount of oxygen O,°ut [Nm3/t] is calculated from the amount of oxygen contained in the exhaust
gas, and V5,0 [Nm3/t] denotes an integrated flow rate of O, in the exhaust gas until the time of calculation. An amount
obtained by subtracting the amount of discharged oxygen from the amount of charged oxygen is the amount of oxygen
remaining in the converter 100, and this oxygen is used for oxidation of metal impurities such as Si, Mn, and P in the
molten metal 101 and oxidation of iron. Of these oxidations, the amount of oxidation of the metal impurities is calculated
by an oxidation reaction model for impurity metals stored in the model DB 12, and, for example, an oxygen amount Vg,
[Nm3/t] used for Si oxidation in the molten metal 101 is represented as Expression (5) given below.

Si Sisc scr Sia aux
Ppi Wi gt Zipi kWP Ty pit MW

Vol = X ex—As; X VB %) X 22.4/28 % 10
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[0040] p,;;S! [%] denotes a Si concentration in the charged hot metal; p;Siscr [%] denotes a Si concentration in the
charged scraps (brand i); pJ-SiaUX [%] denotes a Si concentration in the charged auxiliary raw material (brand j); and Ag;
denotes an oxidation reaction rate constant of Si. In the same way as in Expression (5), amounts of oxygen used for
oxidation of various metal impurities, such as Mn and P, in the molten metal 101 can also be calculated, and the total
of the amounts is denoted as V,Met [Nm3/t] . Thus, the process at Step S3 is completed, and the molten metal component
estimation process proceeds to a process at Step S4.

[0041] In the process at Step S4, the physical reaction model calculation unit 15 uses the information acquired in the
processes at Steps S1 and S2 and the information in the model DB 12 to calculate the FeO generation/reduction reaction
amount in the slag 103 and the decarburization amount in the molten metal 101, and estimates the amount of iron
oxidation in the molten metal 101, that is, the amount of oxygen remaining as FeO in the slag 103 in the converter 100
and the amount of carbon remaining in the molten metal 101. An FeO generation rate vg,q [kg/min] is calculated by a
physical reaction model (FeO generation/reduction reaction model) including terms representing the FeO generation/re-
duction reaction, and is represented as Expression (6) given below.

bl ow 1.67
R 1 H 1
vFeozclx—Oz X( ——O)X +C2X(—) XSXTbulkX— (6)
charge R Thsp D B

[0042] C,and C,denote an FeO generation coefficient and an FeO reduction coefficient, respectively; vo,PoW [Nm3/Hr]
denotes the oxygen feed rate from the lance 102; R [Nm3/s/m2] and R, [Nm3/s/m2] denote an oxygen load and a reference
oxygen load; Thsp [°C] denotes fire spot temperature; H [m] denotes a bath depth of the molten metal 101; D [m] denotes
a bath diameter of the molten metal 101; ¢ [kW/t] denotes an agitation power density of the molten metal 101 caused
by the oxygen feed from the lance 102 and the bottom-blown gas; Ty, [°C] denotes the temperature of the molten metal
101; and B denotes a degree of basicity of the slag 103 (SiO,/Ca0 ratio in the slag component). The first term represents
an FeO generation reaction rate, and the second term represents an FeO reduction reaction rate. C; and C, may be
determined using the information acquired in the processes at Steps S1 and S2, or using the result information on the
past heats stored in the model DB 12. As represented in Expression (7) given below, by integrating to accumulate the
calculated FeO generation reaction rate, a cumulative FeO amount FeO [kg/t] is calculated, and the amount of oxygen
remaining in the converter 100 is calculated.

FeO= [Vpoo/60/Wenar gedt (7)

[0043] The decarburization amount in the molten metal 101 can be calculated using a physical model representing a
decarburization efficiency during the blowing process. The decarburization efficiency dC/dO, [10-3%/(Nm3/t)] during the
blowing process represents a reduction efficiency of the carbon concentration in the molten metal 101 with respect to
the oxygen feed amount from the lance 102 and the amount of oxygen supplied by the charging of the auxiliary raw
materials. FIG. 3 is a diagram illustrating a relation between the decarburization efficiency and a degree of progress of
blowing during the blowing process. As illustrated in FIG. 3, at an initial stage of the blowing process, the decarburization
efficiency dC/dO, increases at a gradient a with respect to a degree of progress of blowing T’, and reaches a maximum
value (dC/dO,),.,- Then, after the carbon concentration in the molten metal 101 reaches a critical concentration (ap-
proximately 0.4%), the decarburization efficiency dC/dO, decreases at a gradient b with respect to the degree of progress
of blowing T’. The gradients a and b of the increase and the decrease of the decarburization efficiency dC/dO,, an
intercept ¢, and the maximum value (dC/dO,),,ox can be determined using the information acquired in the processes at
Steps S1 and S2, or using the result information on the past heats stored in the model DB 12. If the carbon concentration
in the molten metal 101 is in a low concentration region (< approximately 0.25%), they can be calculated using a relation
between the decarburization efficiency dC/dO, and a carbon concentration Cg in the molten metal 101 represented by
Expression (8) given below (decarburization model).

% =107 X (1 - exp(—m3_csxmoo>> (8)

2 myXWgy ghmz

[0044] In the decarburization model represented by Expression (8), the decarburization efficiency dC/dO, depends
on the carbon concentration Cg [%] in the molten metal 101. Wy, [kg/t] denotes a weight of the slag 103, and m4, m,
and m5 denote constants. Thus, the process at Step S4 is completed, and the molten metal component estimation
process proceeds to a process at Step S5.
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[0045] In the process at Step S5, the correction calculation unit 16 uses the information calculated in the processes
at Steps S3 and S4 and the information in the model DB 12 to calculate the correction parameter for the exhaust gas
flow rate, the correction parameters for the CO and CO, concentrations in the exhaust gas, the correction parameter
for the estimated FeO concentration value in the slag 103 obtained by the physical reaction model calculation, and the
carbon concentration in the molten metal 101.

[Correction parameter calculation example]

[0046] Specifically, the correction calculation unit 16 solves a nonlinear programming problem for minimizing an eval-
uation function J represented by Expression (9) below or minimizing the evaluation function J represented by Expression
(10) below to calculate correction parameters o, 8, AFeO, and [C]. a. denotes a parameter for correcting the exhaust
gas flow rate in the form of a product; B denotes a parameter for correcting the CO and CO,, concentrations in the exhaust
gas in the form of a product; AFeO denotes a parameter for correcting the estimated value of FeO in the slag 103
calculated by the process at Step S4 in the form of a sum; and [C] denotes a parameter representing the carbon
concentration in the molten metal 101 at the time of the calculation. In addition, ();m, denotes an amount of change in
a certain period near the time of calculation. With the introduction of the correction parameters o and 8, O, and O,°ut
given by Expressions (3) and (4) are represented as Expressions (11) and (12) given below. As represented by Expression
(13) given below, O, [Nm3/t] used in Expressions (9) and (10) is an amount obtained by subtracting amounts of oxygen
consumed by impurity metal combustion and iron oxidation from the oxygen feed amount from the lance 102 and the
amount of oxygen supplied by the charging of the auxiliary raw materials, that is, an amount of oxygen (effective amount
of oxygen) used in a reaction of oxidizing the carbon in the molten metal 101 and oxidizing the generated CO so as to
generate CO,.

(Cin=a X B X Cour — [CIY | {(0,' "= 0,°%) = VIt — (Fe O+ AFe 0) x 11.2/71.85)

] = 0.12 0-22
2
. {ax B x Cpye X 11.2/12 X 10/0,, .~ Ryr )
052
{a - aave}z + {ﬁ - ﬁave}z AFe 02
+ > + 2
o, Os
C 1000 /(Vptow Qaux sy aux dcy’
axﬁx(out)tempx /( 0, +pr]' x W )temp_d_Oz
+ 0,2
(9)
. 2
Cin—a X B XChys 2 (0,7~ Ozout)_vgft -1
C] -1 (FeO+ AFeO)x 11.2/71.85
/= 0.2 + 0,2
1 2
2
a></3><cm><11.2/12><10/028ff_1 fa : (g 2
— —1} +{g—-1
+ pri + Tape ﬁave
X 0,2
AFe O
+ 2
05
2
axp x (Cout)t emp X 1000/(Vl§72l ot Zf p]L')aux X M/faux)t em 4
ac
do,
+ 0,2
(10)
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Vés + Vc%i)

. 21
0§n=V5’2"’W+Zp]‘?““" ><W].“”"+%>< <axl/,%,§l—Vbot+2 xax(l—p)x >
j

OG
Ogut:axsx<"CTO+VCOg’2>+axvg’f (12)

Oz = V3, oW+ Epj?“”x X W —Vi®t — (Fe O+ AFe0) x 11.2/71.85 — a x Vg©

(13)

[0047] The evaluation function J represented by Expression (9) is a weighted sum of terms that serves as an error
indicator in the sixth term described below. The first term is a square value of a difference between the amount of carbon
remaining in the converter 100 obtained by subtracting the discharged amount of carbon from the charged amount of
carbon and [C], and a value of zero of this term indicates that the mass input-output balance of carbon is maintained in
the converter 100. The second term is a square value of a difference between an amount obtained by subtracting the
discharged amount of oxygen and the amount of oxygen used for the impurity metal oxidation from the charged amount
of oxygen and the amount of oxygen used for the iron oxidation in the molten metal 101 calculated from the estimated
value of FeO based on the physical reaction model, and a value of zero of this term indicates that the mass input-output
balance of oxygen is maintained in the converter 100. The third term is a square value of a difference between a primary
combustion efficiency represented by a percentage of an amount of oxygen used for oxidation (primary combustion) of
the carbon in the molten metal 101 to the effective amount of oxygen and a standard value R,,;; of the primary combustion
efficiency, and a value of approximately zero of this term indicates that the primary combustion efficiency calculated
based on the manipulated variables and the exhaust gas information is approximately equal to the standard value. The
fourth term is square values of differences each between o or f and a standard value o, or B, Of o or B, and a value
of approximately zero of this term indicates that o and 3 are approximately equal to the standard values thereof. The
fifth termis a square value of the correction parameter AFeO, and is a term for preventing the calculated FeO concentration
in the slag from deviating from the physical reaction model. The sixth term is a square value of a difference between the
decarburization efficiency calculated from the exhaust gas information and the charged oxygen information near the
time of the calculation and the decarburization efficiency based on the physical reaction model, and a value of zero of
this term indicates that the measured decarburization amount is in line with the physical model.

[0048] In the same way, the evaluation function J represented by Expression (10) is also a weighted sum of terms
that serves as an error indicator in the sixth term described below. The first term is a square value of a value obtained
by subtracting one from a ratio between the amount of carbon remaining in the converter 100 obtained by subtracting
the discharged amount of carbon from the charged amount of carbon and [C], and a value of zero of this term indicates
that the mass input-output balance of carbon is maintained in the converter 100. The second term is a square value of
a value obtained by subtracting one from a ratio between the amount obtained by subtracting the discharged amount
of oxygen and the amount of oxygen used for the impurity metal oxidation from the charged amount of oxygen and the
amount of oxygen used for the iron oxidation in the molten metal 101 calculated from the estimated value of FeO based
on the physical reaction model, and a value of zero of this term indicates that the mass input-output balance of oxygen
is maintained in the converter 100. The third term is a square value of a value obtained by subtracting one from a ratio
between the primary combustion efficiency represented by the percentage of the amount of oxygen used for the oxidation
(primary combustion) of the carbon in the molten metal 101 to the effective amount of oxygen and the standard value
Rpri of the primary combustion efficiency, and a value of approximately zero of this term indicates that the primary
combustion efficiency calculated based on the manipulated variables and the exhaust gas information is approximately
equal to the standard value. The fourth term is square values of values each obtained by subtracting one from a ratio
between a or B and the standard value o, or B, Of a or B, and a value of approximately zero of this term indicates
that o and B are approximately equal to the standard values thereof. The fifth term is the square value of the correction
parameter AFeO, and is a term for preventing the calculated FeO concentration in the slag from deviating from the
physical reaction model. The sixth term is a square value of a value obtained by subtracting one from a ratio between
the decarburization efficiency calculated from the exhaust gas information and the charged oxygen information near the
time of the calculation and the decarburization efficiency based on the physical reaction model, and a value of zero of
this term indicates that the measured decarburization amount is in line with the physical model.

10
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[0049] In Expressions (9) and (10), Rpri, O,yer @Nd By, are determined from the results of the blowing processing
mode similar to the estimation target heat among the blowing process results in the past heats stored in the model DB
12.If Rpri can be described by, for example, the manipulated variables and blowing process conditions, it may be used.
[0050] In the above example, weighting factors (o4 to og) present in denominators of the respective terms of the
evaluation function J are parameters set by a user. Each of the weighting factors determines a degree of influence of
an amount of error in a corresponding one of the above-described terms on the valuation function J. Accordingly, the
estimation accuracy can be improved by changing the weighting factor of each of the terms according to the phase of
reaction in the blowing process. For example, in the low concentration region of the carbon concentration in the molten
metal or in a region where the decarburization efficiency is lower, the weighting factor og of the sixth term is changed
to a smaller value in Expression (9) to increase the influence of the error in the sixth term on the evaluation function J,
and thereby, can make an accurate estimation even though the carbon concentration in the molten metal is low. As
described above, when a condition is satisfied that has been set based on at least one of the molten metal component
estimation information and the corrected exhaust gas measurement information calculated before the calculation target
time, the estimation accuracy is improved by switching the weight factor of each of the terms of the evaluation function
J during the blowing process.

[0051] Various algorithms have been proposed for nonlinear programming problems for minimizing the evaluation
function J under constraint conditions (refer, for example, to Non Patent Literature 1 (Hiroshi Konno and Hiroshi Yamas-
hita, Nonlinear Programming, Union of Japanese Scientists and Engineers). The correction parameters o, 8, AFeO, and
[C] can be easily calculated using the algorithms. Thus, the process at Step S5 is completed, and the molten metal
component estimation process proceeds to a process at Step S6.

[0052] In the process at Step S6, the correction calculation unit 16 uses the various correction parameters calculated
in the process at Step S5 to estimate the carbon concentration in the molten metal 101 and the FeO concentration in
the slag 103. Then, the arithmetic processing unit 13 transmits the estimation results of the carbon concentration in the
molten metal 101 and the FeO concentration in the slag 103 estimated by the correction calculation unit 16 to the output
device 17. The output device 17 outputs the estimation result of the carbon concentration in the molten metal 101
received from the arithmetic processing unit 13 to the control terminal 10 and the display device 20. The control terminal
10 adjusts the manipulated variables (for example, the oxygen feed amount and the charge amount and charge timing
of the auxiliary raw materials) of the refining facility 2 based on the estimation result of the carbon concentration in the
molten metal 101. The display device 20 displays the estimation results of the carbon concentration in the molten metal
101 and the FeO concentration in the slag 103. Thus, the process at Step S6 is completed, and the molten metal
component estimation process proceeds to a process at Step S7.

[0053] Inthe process at Step S7, the arithmetic processing unit 13 determines whether the blowing process has been
completed. If the result of the determination indicates that the blowing process has been completed, the arithmetic
processing unit 13 ends the series of molten metal component estimation processes, and the arithmetic processing unit
13 performs a process at Step S8. If, instead, the blowing process has not ended, the arithmetic processing unit 13
returns the processing to the process at Step S2.

[0054] In the process at step S8, the arithmetic processing unit 13 stores the result data of the target heat and the
calculation results of the arithmetic processing unit 13 in the model DB 12. If the measurement values of the carbon
concentration in the molten metal 101 and the FeO concentration in the slag 103 at the end of the target blowing process
have been obtained, these values are used to calculate various optimal correction parameters and initial parameter
conditions. If error factors are present regarding elements, such as the carbon concentration analysis value Ppig in the
charged hot metal and the integrated weight WjaUX of the charged auxiliary raw material, that are not treated as the
correction items in the present embodiment, correction parameters satisfying the components of the molten metal 101
and the component of the slag 103 at the end of the blowing process are calculated and stored in the model DB 12 in
the process at Step S8 so as to be allowed to be used as initial correction parameters in the subsequent heat. Thus,
the process at Step S8 is completed, and the series of molten metal component estimation processes end.

[0055] As is clear from the above description, in the molten metal component estimation process as an embodiment
of the present invention, the molten metal component estimation device 1 sequentially calculates the correction param-
eters for correcting the measurement values of the flow rate and the component concentrations of the exhaust gas and
the calculation values of the physical reaction model, based on the physical reaction model expressions, the measurement
result of the component concentration of the molten metal, and the measurement results of the flow rate and the com-
ponent concentrations of the exhaust gas discharged from the refining facility, so as to continuously maintain the carbon
input-output balance and the oxygen input-output balance during the blowing process. As a result, the accurate estimated
values of the component concentrations in the molten metal and the slag can be sequentially obtained during the blowing
process.

[0056] While the embodiment to which the invention made by the present inventors is applied has been described,
the present invention is not limited to the description and the drawings constituting a part of the disclosure of the present
invention by way of the present embodiment. For example, in the present embodiment, the exhaust gas information has
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been used as the converter measurement information that can be continuously acquired. If, for example, measurement
information on the molten metal temperature is obtainable, the molten metal temperature can be continuously estimated,
and, in addition, the estimation accuracy of the component concentrations of the molten metal and the slag is expected
to be improved by incorporating a relational expression combined with a heat input-output balance model based on an
amount of heat generated by the oxidation reaction in the converter. Thus, other embodiments, examples, operational
techniques, and the like made by those skilled in the art based on the present embodiment are all included in the scope
of the present invention.

Industrial Applicability

[0057] The presentinvention can provide a molten metal component estimation device and a molten metal component
estimation method that are able to estimate the component concentrations in the molten metal and the slag in an accurate
and continuous manner.

Reference Signs List
[0058]

1 Molten metal component estimation device
2 Refining facility

10 Control terminal

11 Input device

12 Model database (model DB)

13 Arithmetic processing unit

14 Material input-output calculation unit

15 Physical reaction model calculation unit
16 Correction calculation unit

17 Output device

20 Display device

100 Converter

101 Molten metal

102 Lance
103 Slag
104  Duct

105 Exhaust gas detecting unit
106  Vent holes
107  Flow meter

Claims
1. A molten metal component estimation device comprising:
an input device configured to receive:

first measurement results regarding temperature and a component concentration of a molten metal before
a blowing process starts or during the blowing process in a refining facility; and

second measurement results regarding a flow rate and a component concentration of an exhaust gas
discharged from the refining facility;

a model database configured to store model expressions and parameters regarding a blowing process reaction
in the refining facility;

a material input-output calculation unit configured to estimate an amount of carbon and an amount of oxygen
charged into the refining facility and an amount of carbon and an amount of oxygen discharged from the refining
facility by performing an input-output balance calculation of carbon and oxygen based on the first measurement
results, the second measurement results, the model expressions and the parameters;

a physical reaction model calculation unit configured to estimate at least one of an amount of oxygen and an
amount of carbon remaining in the refining facility by calculating at least one of an FeO amount in a slag and

12
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a decarburization amount in the molten metal based on the first measurement results, the model expressions
and the parameters; and
a correction calculation unit configured to:

calculate a parameter for correcting a measurement value of the flow rate of the exhaust gas, a parameter
for correcting a measurement value of the component concentration of the exhaust gas, a parameter for
correcting a calculation value of the FeO concentration in the slag and a parameter representing the amount
of carbon in the molten metal as first, second, third and fourth correction parameters respectively, from the
second measurement results received by the input device and using the estimation results of the material
input-output calculation unit and the physical reaction model calculation unit; and

estimate the component concentrations in the molten metal and the slag, using the calculated first, second,
third and fourth correction parameters.

2. The molten metal component estimation device according to claim 1, wherein the correction calculation unit is
configured to calculate the first, second, third, and fourth correction parameters so as to minimize an evaluation
function having terms including:

a carbon input-output error representing a difference between:

an amount that is obtained by subtracting the amount of carbon discharged out of the refining facility
calculated from the second measurement results, from an initial amount of carbon in the molten metal
calculated from the first measurement results and an amount of carbon supplied into the refining facility by
a charged auxiliary raw material; and

the fourth correction parameter;

an oxygen input-output error representing a difference between:

a value that is obtained by subtracting an amount of oxygen consumed by carbon oxidation in the molten
metal calculated from the second measurement results, carbon monoxide oxidation in the refining facility
calculated from the second measurement results and impurity metal oxidation in the molten metal, from an
amount of oxygen supplied to the refining facility; and

an amount of oxygen consumed by iron oxidation in the molten metal calculated by the model expressions;
and

a primary combustion input-output error representing a difference between:

a primary combustion efficiency representing a percentage of an amount of oxygen consumed by the carbon
oxidation in the molten metal to an amount that is obtained by subtracting an amount of oxygen consumed
by iron oxidation and impurity metals, from a top-blown oxygen feed amount and an amount of oxygen
supplied by the charged auxiliary raw material; and

a standard value of the primary combustion efficiency.

3. The molten metal component estimation device according to claim 1, wherein the correction calculation unit is
configured to calculate the first, second, third, and fourth correction parameters so as to minimize an evaluation
function having terms including:

a carbon input-output error representing a ratio between:
an amount that is obtained by subtracting the amount of carbon discharged out of the refining facility
calculated from the second measurement results, from an initial amount of carbon in the molten metal
calculated from the first measurement results and an amount of carbon supplied into the refining facility by
a charged auxiliary raw material; and
the fourth correction parameter;

an oxygen input-output error representing a ratio between:

a value that is obtained by subtracting an amount of oxygen consumed by carbon oxidation in the molten
metal, carbon monoxide oxidation in the refining facility and impurity metal oxidation in the molten metal
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calculated from the second measurement results, from an amount of oxygen supplied to the refining facility;
and

an amount of oxygen consumed by iron oxidation in the molten metal calculated by a physical reaction
model; and

a primary combustion input-output error representing a ratio between:

a primary combustion efficiency representing a percentage of an amount of oxygen consumed by the carbon
oxidation in the molten metal to an amount that is obtained by subtracting an amount of oxygen consumed
by iron oxidation and impurity metals, from a top-blown oxygen feed amount and an amount of oxygen
supplied by the charged auxiliary raw material; and

a standard value of the primary combustion efficiency.

4. The molten metal component estimation device according to claim 2 or 3, wherein the evaluation function is a
weighted sum including a square value of the carbon input-output error, a square value of the oxygen input-output
error, and a square value of the primary combustion input-output error as terms.

5. The molten metal component estimation device according to claim 4, wherein a constant representing a weight of
each of the terms in the evaluation function is configured to switch when a condition is satisfied, the condition being
setbased on at least one of molten metal component estimation information and corrected exhaust gas measurement
information calculated before a calculation target time during a calculation target heat.

6. A molten metal component estimation method comprising:
an input step of receiving:

first measurement results regarding temperature and a component concentration of a molten metal before
a blowing process starts or during the blowing process in a refining facility; and

second measurement results regarding a flow rate and a component concentration of an exhaust gas
discharged from the refining facility;

a material input-output calculation step of estimating an amount of carbon and an amount of oxygen charged
into the refining facility and an amount of carbon and an amount of oxygen discharged from the refining facility
by performing an input-output balance calculation of carbon and oxygen based on the first measurement results,
the second measurement results, and model expressions and parameters regarding a blowing process reaction
in the refining facility;

a physical reaction model calculation step of estimating at least one of an amount of oxygen and an amount of
carbon remaining in the refining facility by calculating at least one of an FeO amount in a slag and a decarbu-
rization amount in the molten metal based on the first measurement results, the model expressions, and the
parameters; and

a correction calculation step of:

calculating a parameter for correcting a measurement value of the flow rate of the exhaust gas, a parameter
for correcting a measurement value of the component concentration of the exhaust gas, a parameter for
correcting a calculation value of the FeO concentration in the slag and a parameter representing the amount
of carbon in the molten metal as first, second, third, and fourth correction parameters respectively, from
the second measurement results received at the input step and using the estimation results obtained at the
material input-output calculation step and the physical reaction model calculation step; and

estimating the component concentrations in the molten metal and the slag, using the calculated first, second,
third, and fourth correction parameters.

7. A method of producing a molten metal, the method comprising a step of adjusting a component concentration in a

molten metal within a desired range based on the component concentration in the molten metal estimated using
the molten metal component estimation method as claimed in claim 6.
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